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SUMMARY OF RESEARCH ON HAILSTORMS IN ILLINOIS DURING 1962 
Introduction 
The two specific studies undertaken this year as work being supported 
by the Crop-Hail Insurance Actuar ia l Associat ion were completed. Further-
more , severa l other studies of in te res t were completed in 1962 which were 
a l ready in p rog re s s or undertaken because additional support was available. 
Since the resu l t s of these other studies should be of in te res t to the insurance 
field, these a re presented in this r epor t and in another 1962 r e s e a r c h repor t . 
One of the two basic studies that was agreed upon for 1962 involved the 
further study of the 128 mos t severe ha i l s to rm days in Illinois during the 
1910-1959 period. This study was performed in o rde r to determine ad-
ditional information on s t o r m origins . This r e s e a r c h has been completed 
and is d iscussed in Crop-Hai l Research Report No. 14. The second basic 
study for 1962 involved investigation of the local and antecedent factors that 
cause thunders torms to become ha i l s to rms . This study was completed 
insofar as funds permi t ted . Although time did not pe rmi t a completion of 
the study, sufficient knowledge was gained in order to draw pre l iminary 
conclusions. The re su l t s of this study a r e presented in this r epor t . 
Two other studies were ca r r i ed on with support from other sou rces . 
The f i rs t of these was a theoret ica l study to de termine whether or not the 
explosive forces resul t ing from lightning could have any bearing on the 
subsequent precipi tat ion in the thunders torm. The au thor ' s observat ions 
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and severa l r e fe rences found in scientific l i t e ra tu re have indicated that violent 
lightning activity often does not produce hai ls tones , , while hai ls tones oc-
casionally fall without observed e lec t r i ca l activity. The second of these 
studies concerned the frequency of severe weather on var ious dates in 
I l l inois. These s ingular i t ies analyses a re d iscussed briefly in this r epor t 
and the r e su l t s a r e presented in detai l in R e s e a r c h Report No. 13. 
In the appendix, two other 1962 hail studies performed using Associat ion 
funds a r e desc r ibed . F i r s t , a field survey was made of ha i l s to rms on 
May 17, 1962 that occur red in the vicinity of Champaign-Urbana. The second 
portion of the appendix includes a repr in t of "Area l F requenc ies of Hail and 
Thunders torm Days in I l l inois" which was published in the December 1962 issue 
of the Monthly Weather Review. 
Regional Charac te r i s t i c s of Severe Summer Hai ls torms in Illinois 
Certain regional cha rac t e r i s t i c s of the 128 most severe s u m m e r hail-
s torm days in Illinois during the 1910-1959 period were investigated by 
S. A. Changnon using U. S. Weather Bureau data for Iowa and Missour i in 
conjunction with s imi lar data from Il l inois. More than 80 pe rcen t of these 
s to rms were associa ted with cold front or s t a t ionary -warm front conditions, 
and the cold frontal conditions accounted for near ly 60 percen t of the 128 
ha i l s to rms . 
It was found that 68 percent of the hail a r e a s on these s t o r m days 
c 
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originated in Illinois with 25 percent in Iowa and 7 percent in Missour i . 
F u r t h e r m o r e , 88 percent of these hail a r ea s originated along the confines of 
the Miss iss ippi River Valley from St. Louis northward to Dubuque, Iowa, 
More than 75 percent of these originations occur red on the Illinois side of 
the r i ve r . 
Approximately 70 percent of all hail r e p o r t s on the 128 days were from 
stations located in Illinois, which indicated that the a r ea l extent of these 
severe Illinois ha i l s to rms was largely r e s t r i c t ed to Il l inois. On the days 
pr ior to the Illinois s to rm dates , hail was repor ted in the wes te rnmost 
a r e a s of Iowa and Missouri on one-half of the 128 s to rm days. This 
indicated that the severe ha i l s to rms in Illinois were often s to rm reforma-
tions with a synoptic system that had formed hail s eve ra l hundred mi les 
west of the s tate . 
The number of hail incidences provided by these 128 ha i l s to rm days 
at Illinois stations var ied from 10 to 58 percent of the total number of hail 
days that occurred during the 1910-1959 period. In the Decatur and Moline 
a r e a s more than 50 percent of all hail days that occurred in this 50-year 
period were severe hail days . Resul ts of this r e s e a r c h a re descr ibed in 
Resea rch Report No. 14. 
E F F E C T OF LOCALIZED HEAT AND MOISTURE SOURCES 
UPON HAILSTORM DEVELOPMENT 
A pre l iminary study of the associat ion between localized heat and 
mois tu re sources and ha i l s to rm development in Illinois was made by F. A. 
Huff. An ea r l i e r Water Survey study of mesosca le conditions associated 
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with the development of severe r a i n s t o r m s indicated that, in some ca se s , these 
s to rms developed in regions of re la t ively high surface t empera tu re and /o r 
mois ture with respec t to the surrounding a r e a . These hot and mois t spots 
inc rease the thermodynamic instabil i ty of the a tmosphere near the surface 
which, in turn , favors the development of convective activity. Since 
ha i l s to rms a r e the r e su l t of s t rong convective activi ty in the a tmosphere , 
it was hypothesized that hail might have a tendency to develop or intensify 
in localized regions of high t empera tu re and /o r m o i s t u r e . 
In this p re l iminary study, data were used for the most widespread 
and damaging ha i l s to rms in Illinois during the 10-year period, 1951-1960, 
as de termined from U. S. Weather Bureau and CHIAA hail r e p o r t s . A 
total of 44 ha i l s to rm days were investigated during this sampling period. 
The locations of localized regions of high t empe ra tu r e were determined by 
plotting maps of max imum tempera tu re on each hail day, based upon ap-
proximately 95 Weather Bureau stat ions in Illinois which record t empera tu re 
data. Moisture zones were determined from over 200 raingage stations of 
the Weather Bureau in the s tate . Approximately 80 of the raingage stat ions 
have recording gages from which hourly rainfall to ta ls a re available in 
publications of the Weather Bureau. 
Two mois tu re indices were used in the study. The f i rs t was a ra infal l 
-map for the day preceding the ha i l s to rm day. The purpose of this map was 
to determine regions of high surface mois tu re resu l t ing from the previous 
day ' s r a in which might be regions of re la t ively high evaporat ion on the 
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hai l s to rm day. The second mois tu re index was a plot of the 24-hour rainfall 
ending at noon on the ha i l s to rm day, which was based upon recording gage 
data only since hourly rainfall amounts were requi red . Daily totals at 
Weather Bureau stations a r e recorded only once daily at about 7 A. M. , 
6 P . M . , or midnight, depending upon the type of station. This second rain-
fall m a p was constructed to obtain a mois ture index which included an 
interval of time c loser to the beginning of the ha i l s to rms which occur red 
mostly in the afternoon and evening. As indicated ea r l i e r , the max imum 
tempera ture on the ha i l s to rm day was used as the heat source index. The 
locations of ha i l s to rms was plotted on each rainfall and ; t empera tu re map . 
This pre l iminary study of the associat ion betwen localized hea t and 
mois ture sources and ha i l s to rm development has not produced significant 
positive r e s u l t s . Collectively, the 44 ha i l s to rm days did not exhibit a per-
sistent re la t ionship between the location of ha i l s torms and the location of 
relat ively hot and /o r mois t regions, although on some days the ha i l s to rms 
were located p r imar i ly near a maximum tempera tu re or an antecedent 
rainfall center . F r o m the p re l iminary study, it can only be concluded that 
a high degree of cor re la t ion does not appear to exist between the location 
of ha i l s to rms and localized hea t and mois tu re zones on days with wide-
spread and heavy crop-damaging ha i l s to rms . 
It is quite possible that ha i l s to rm development or intensification is 
influenced to some extent by local hot or mois t spots, but that the pre l iminary 
analysis was not sensi t ive enough to isolate the effect from other factors which 
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define the ha i l s to rm pat tern . However, to invest igate thoroughly the possible 
re la t ionship would have required considerably m o r e funds and personnel than 
could be assigned to this study in 1962. A thorough study would requi re a 
much more detailed synoptic analysis of each case to de te rmine the wind 
movement, a tmospher ic stability, frontal and /or a i r m a s s type associated 
with the s torm, a tmospher ic precipi table water, and other air m a s s char-
a c t e r i s t i c s . The t ime of occur rence of the hail s t o r m s with respec t to the 
t ime of maximum t e m p e r a t u r e and production of mo i s tu r e cen te rs would have 
to be evaluated more closely than in the p re l iminary study. Also, it appears 
quite likely that the localized heat and mois ture sources produce their g rea te s t 
re la t ive effect in non-frontal ha i l s to rms , that i s , those produced s t r ic t ly by 
the rma l instabil i ty in the a tmosphere . These cases should then be studied 
separa te ly . This was at tempted in the pre l iminary study, but the re were 
too few non-frontal s t o rms in the data sample of widespread s t o r m s to c a r r y 
out the analys is . It would be neces sa ry to lower the degree of ha i l s to rm 
sever i ty to include many more cases of light to modera te damaging s to rms 
to evaluate the non-frontal effect. Available t ime and personnel did not 
pe rmi t this to be done in 1962. Finally, one mus t r ea l i z e that even though 
localized heat and mois tu re zones do influence ha i l s to rm development or 
intensification to some degree , the density of t empe ra tu r e and rainfall 
s tat ions may not be adequate to m e a s u r e the influence, par t icu la r ly if the 
effect is r e s t r i c t ed largely to widely scat tered, a i r m a s s s t o rms which 
influence only v e r y smal l a r e a s . 
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Acoust ical Effects on Wet Hailstones 
A l i t e ra ture search by H. O. Bar the l found insufficient information to 
de termine whether lightning could induce cavitation at appreciable d is tances 
from the s t roke . Tests a r e needed, e i ther on lightning or long spark dis-
charges , to find the p r e s s u r e - d i s t a n c e re la t ionship and to gain a bet ter 
understanding of the physical p r o c e s s e s occur r ing . 
Goyer has reported that explosives have given cavitation re su l t s at 
very close range on ar t i f ic ial hai ls tones with liquid water cen te r s . This is 
in contras t to Byers who indicates that t e s t s by List in Switzerland have 
not shown any effect of concussion waves on s tones . Fu r the r t e s t s seem 
neces sa ry and might be done using shock tubes as the energy source . Even 
if a positive r e su l t is obtained in the labora tory , field t e s t s ul t imately 
mus t de termine whether the re is any effect on natural ly occurr ing hai ls tones . 
These t e s t s a re expected to be difficult. However, the annual loss to hail-
s to rms seems to justify such an effort which might control these s t o r m s . 
Severe Weather Singulari t ies in Illinois 
Lengthy climatological r eco rds of the dates of occurrence of thunder-
s to rms , heavy r a i n s t o r m s , tornadoes, and damaging lightning in Illinois 
were analyzed by S. A. Changnon to a sce r t a in whether s ingular i t ies , or 
p re fe r red dates of high or low occur rences , existed in the March-October 
period. Four semi-object ive methods, each based on different s ta t i s t ica l 
c r i t e r i a , were employed to identify severe weather peak (high frequency) 
and trough (low frequency) s ingular i t ies . Testing of the peak and trough 
s ingular i t ies identified by two of the methods revea led that these dates had 
frequencies which were s ta t is t ical ly significant. 
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Three-day periods in which 4 or m o r e of the 5 events had ei ther re la t ively 
high or low daily frequencies were defined as composite s ingular i t ies . Twelve 
such composite s ingular i t ies were identified and thei r dates of occurrence were 
compared with long- t e rm average daily statewide values of t empera tu re , 
humidity, sunshine, and p r e s s u r e . These compar isons revealed that the 
singulari ty peaks, such as the one on March 6-7, occur red in per iods of 
re la t ively low p r e s s u r e , high maximum t e m p e r a t u r e s , high humidit ies , and 
extensive cloudiness. Conversely, the composite s ingulari ty t roughs, such 
as the one during March 9 - 1 1 , occur red on da tes with re la t ively high 
p r e s s u r e , high percentage of possible sunshine, low maximum t empe ra tu r e s , 
and low humidi t ies . These re la ted weather conditions, which furnish some 
m e a s u r e of the stability of the a tmosphere , had anomalies in the i r daily 
magnitudes which substantiated the dates of the prominent severe weather 
r 
s ingular i t ies . 
In addition to the trough singulari ty on March 9-11, other notable com-
posite trough singulari ty periods when seve re weather was infrequent in 
Illinois occurred on March 22-24, May 5-6, August 24, September 4-6, 
and October 29-30. In addition to March 6-7, notable peak s ingular i t ies 
occur red on March 26-27, May 8-10, June 12-13, August 27-29, and 
October 10-12. Results of this r e s e a r c h a re descr ibed in Resea rch Repor t 
No. 13. 
Recommended Resea rch for 1963 
The re su l t s obtained by Changnon concerning the a r e a l dis tr ibut ion of 
damaging ha i l s to rms in Illinois (Research Report No. 14) indicated that 
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there were th ree a r e a s of the state where these s to rms were par t icu lar ly 
frequent. Loss costs in these a r ea s a re among the highest in the state. 
It is recommended that cer ta in damaging ha i l s to rms that occur in the 
Jacksonvi l le-Decatur a r ea and in the Moline-Monmouth a r e a during 1963 
be investigated using radar data from the Water Survey equipment located 
at Champaign and the r ada r data from the U. S. Weather Bureau radar 
sets located in Chicago, St. Louis, and Des Moines, Data on hail incidence 
on the ground would also be used to re la te and identify the hail incidence 
with the r ada r echo data. It is envisioned that these studies of a few 
individual ha i l s to rms in these two a r ea s of high incidence might prove 
helpful in explaining their occur rences and reasons for such regional 
intensification. To per form this study, some s to rm data from adjustors of 
the member companies would be required . In par t icu la r , t ime of hail 
occurrence and hail size would be des i red from as many locations of loss 
as possible. 
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APPENDIX A 
HAILSTORMS ON MAY 17, 1962 
Stanley A. Changnon, J r . 
One of the p r o g r a m s of the Water Survey is to investigate unusual 
meteorological conditions such as field surveying and analysis of cer ta in 
select ha i l s to rms that occur in the vicinity of Champaign-Urbana. An 
ea r l i e r r e s e a r c h r epor t deal t with the r e su l t s of a ve ry detailed survey 
of a ha i l s to rm that occur red near Decatur on June 22, 1960. (1) A technical 
paper dealing with this s t o r m and another surveyed ha i l s to rm that occur red 
in Champaign-Urbana on March 4, 1961, was also p repa red . (2 ) In May 
1962 another ha i l s to rm occurred in the Champaign-Urbana a rea and this 
s torm was surveyed and studied. 
During the afternoon of May 17, 1962, a s e r i e s of ha i l s to rms occur red 
in the eas t cen t ra l Illinois a r ea . Within a rad ius of 5 mi les of Champaign-
Urbana, four separa te ha i l s to rms occurred in the period from 1225 CST 
to 1500 CST, and one of these was field surveyed since it occur red in the 
immediate vicinity of the twin c i t ies . Most of these s t o r m s were charac te r ized 
by: 1) hai ls tones with d i ame te r s 6f generally l e s s than 1/2-inch, 2) re la t ive ly 
short l ifet imes ranging from 1 0 to 20 minutes , 3) smal l a r ea l extent of hail 
incidence, and 4) a general lack of damage to crops or p roper ty . 
The thunders to rms which produced these ha i l s to rms were warm a i r m a s s 
instability thundershowers . The Water Survey r ada r p ro t raya l of these a i r 
m a s s thunder showers indicated that they formed as an ea s t -wes t line 
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in e a s t - c e n t r a l Illinois and they tended to move along the axis of this line from 
west to east . These thunders torms and their resul t ing ha i l s to rms could not 
be considered as especial ly severe hail or thunders to rms . 
The third of the four ha i l s to rms in the 1225-1500 CST period passed 
d i rec t ly over most of the urban a r ea compris ing Champaign-Urbana. This 
s t o r m caused some minor proper ty damage in Champaign where hai ls tones 
measur ing 1. 0 inch in d iamete r fell (F ig . 2). During the two days following 
this s torm a detailed field survey was performed of this ha i l s to rm which 
produced hail over about 23 square mi les (Fig. 1). More than 100 persons 
at different locations scat tered throughout the s to rm a r e a were interviewed 
to col lect data. Useful, factual information on hail s ize, t ime of occurence, 
s t o r m duration and other pert inent weather conditions including, rainfall 
amounts was obtained from 58 of those interviewed. Many of those who 
supplied s to rm data were professional me teoro log i s t s . Most of the locations 
where useful data were obtained are shown in Figure 2 as observat ion points . 
Additional rainfall data in the s to rm a r e a were obtained from 24 State Water 
Survey raingages including 10 record ing ra ingages . 
In Figure 1, the extent of the ha i l s to rm a r e a is shown in reference to 
a smoothed urban boundary of Champaign-Urbana. Inasmuch as hai ls tones 
that fall at a given location vary in s ize, d iamete r measu remen t s of the 
average size stones and the maximum size stones were obtained if known 
by the observer . The i sodiamet r ic pa t tern based on the average size 
hai ls tones is shown in Figure 1 and the pa t tern based on the maximum size 
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stones is por t rayed in Figure 2. Compar ison of s imi la r regions within the 
ha i l s to rm outlines of F igures 1 and 2 revea l s that the diame t e r s of the 
maximum size stones were usually 1.5 to 2. 0 t imes g rea t e r than those of 
the average s izes . This is in ag reement with findings for the previous 
surveyed ha i l s to rms . ( 2 ) 
Also por t rayed in F igure 1 is the isohyetal pa t te rn derived from the 
rainfall data for the ra in that fell dur ing the ha i l s to rm. Note that the 
three a r e a s of highest rainfall , or c o r e s of ra in , fell in or near to the 
a r e a s where the l a rges t average and maximum sizes of stones fell. Al-
though the rainfall pa t te rn was not completely enclosed, the data shown on 
Figure 1 suggest that the rainfall a r e a and hail a r ea were near ly coin-
cidental. This close a rea l re la t ionship had not been noted to occur in the 
(1 2) two previous ha i l s to rms s imi lar ly surveyed and studied. ( 1 , ) In the 
1960 and 1961 ha i l s to rms , the ra in a r e a produced by the individual s to rm 
producing the hail was considerably l a rge r than the hail a r ea . This difference 
in a r e a l re la t ionships may be re la ted to basic differences in the associated 
synoptic conditions which were frontal for the 1960 and 1961 s torms as 
compared to air m a s s with this 1962 s to rm. However, the close a r e a l 
re la t ionship between rainfall cores and hail co res noted in the 1962 s to rm 
was a condition not found with the other two surveyed s t o r m s . 
Based on the t ime of occur rence and duration data, maps portraying 
the a r e a l extent of hail according to stone s izes at each minute during the 
FIG 1 DIAMETERS OF AVERAGE SIZE STONES AND TOTAL STORM RAINFALL. MAY 17, 1962 
FIG 2 DIAMETERS OF MAXIMUM SIZE STONES, MAY 17, 1962 
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24 minutes this s to rm pers i s ted were p repa red . This is a technique p r e -
vicusly utilized to analyze hail ce l l s . ( 2 ) 
The hail cell initiated at the ground at 1347 CST about 2 mi les southwest 
of the urban boundary (Fig. 3a). Within two minutes the hail cell had become 
seven t imes l a rge r , and had also begun to produce 1/2-inch stones (Fig. 3b). 
After 1349 CST, the cel l remained about the same size (1 . 5 square mi les) 
until it merged with another cell at 1403 CST. The ea s t e rn edge of the hail 
cell moved to the eas t at a speed of about 15 mph. Rapid changes in the shape 
of the cel l occurred , but in general the shape was oblate which is s imi la r to 
the shapes noted in the previous s t o r m s . (2) However, the long axis of the 
oblate-shaped hail a r e a was oriented at a r ight angle to the direct ion of 
movement which is a condition d i s s imi la r to the findings for the previous 
two ha i l s t o rms . (2) In F igure 3h, a map showing the isohyetal pat tern and the 
a r ea that experienced hail during the 1347-1400 CST period is presented . 
The hail a r ea is a composite of the 1-minute maps for the 14-minute period. 
The detailed tempora l analysis of this s to rm revealed that the ha i l s to rm 
under investigation was actually a composite of two hail ce l l s . The second 
cell f i rs t produced hail at the ground south of the urban a r e a at 1400 CST 
(Fig. 4a). Within 3 minutes after i ts formation, this cel l had merged with 
the older cell to form one l a rge r hail cell that enveloped about 10 square 
mi les (Fig. 4b). Both cel ls had cores of stones with d i a m e t e r s ranging 
from 0. 5 to 1. 0 inch, and these co res a lso grew together shortly after the 
cells merged (Fig. 4). . The nor thern port ion of the older cell began to 
exhibit renewed growth and rapid forward movement at 
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1402 CST, and by 1405 CST another smal l hail core had appeared at the ground 
within this a rea of rapid growth. Dissipat ion of the combined cell began after 
1405 CST, and by 1410 CST the ha i l s to rm had ended. 
The older cell had been growing, in a r ea l s ize and stone s ize , from 1347 
to 1354 (7 minutes) . Its m a t u r e stage lasted for 12 minutes , and the dis-
sipation stage las ted 5 minu tes . As had been noted with cells in the June 22, 
1960 s torm, the core (a rea of l a rges t stone s izes) of the older hail cell on May 17 
occur red in the center and along the forward edge of the cell during the ce l l ' s 
period of formation and ear ly matur i ty , but during i ts l a t e r s tages , the core 
was located in the r e a r or near the t ra i l ing edge of the cell . 
In summary, this detailed analysis of a th i rd Illinois ha i l s to rm reaff i rmed 
many previous findings obtained from field surveying of h a i l s t o r m s . To 
accura te ly recons t ruc t a ha i l s torm, surface observat ions with a density of at 
leas t one observat ion per square mi le a re requi red . The May 1962 ha i l s to rm 
was not a par t icu lar ly severe ha i l s torm, but yet at the surface it was a very 
complex phenomenon. In general , cha rac t e r i s t i c s of this s to rm including 
re la t ion of the hail co res to rainfal l co res , hail cell s ize, hail cel l shape, 
re la t ive location of the hai l core within the cel l , and rapid cell changes with 
t ime were in ag reement with findings derived for two previous surveyed 
ha i l s to rms in cent ra l I l l inois . 
FIG 3 HAIL CELL AND RAINFALL DURING 1347-1400 CST PERIOD, MAY 17, 1962 
FIG. 4 HAIL CELLS AND RAINFALL DURING 1401-1410 CST PERIOD, MAY 17,1962 
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ABSTRACT 
Hail and thunderstorm statistics for the 1951-60 period obtained from 119 U.S. Weather Bureau stations in Illinois 
were combined with crop-hail insurance data for this same period for performing a detailed climatological investiga-
tion of the frequencies of hail days and thunderstorm days in Illinois. In the crop-growing season thunderstorms 
occur on 1 out of every 2 days on the average and hail occurs somewhere in Illinois on 4 out of every 10 days. The 
hail-thunderstorm areal ratio for Illinois is 68 percent as compared with point ratios varying from 3 to 7 percent. 
It appears that some thunderstorms may not contain hail since 32 percent of all the thunderstorm days had no hail 
reported at the surface anywhere in Illinois. Thunderstorms on days without hail most frequently occurred in south-
ern Illinois and were associated more frequently with air mass and warm frontal conditions than were the hail-thunder-
storms. This research also has shown how "Days With" data from cooperative substations of the Weather Bureau 
can be used to enlarge our knowledge of regional climatology. 
1. INTRODUCTION 
In recent years much has been written about the 
reliability of the commonly referred to hail-thunderstorm 
ratio, especially since the point observation of thunder-
storms represents an areal integration whereas the observa-
tion of hail represents occurrence only at the point [10]. 
Attention also has been given to the question of whether 
all thunderstorms contain hail aloft during their lifetimes 
[8]. Hail research in Illinois has produced some informa-
tion which is pertinent to these issues. This paper 
summarizes the results derived from a comparative analy-
sis of the simultaneous daily occurrence of hail days and 
thunderstorm days in Illinois during the March-October 
period and the mid-May to mid-September period. 
One phase of recent Illinois hail studies has been con-
cerned with a basic question concerning the statistical 
relationship between thunderstorms and hailstorms. 
This question is: How frequently in the thunderstorm 
season (March-October) and in the growing season (mid-
May to mid-September) do days with thunderstorms in a 
given area give hail in that area? Since the average areal 
size of the two events varies [1, 3] and thereby favors 
thunderstorm frequency, and since the method of record-
ing the two events also favors thunderstorms, any system 
of incidence comparison requires the integration of 
occurrence data over a large area in order to obtain true 
frequencies. To this end, this particular investigation 
used the State of Illinois as the area of comparison. 
The frequency of hail days and thunderstorm days was 
based on occurrence anywhere within the 56,000-square-
mile area of the State. In this paper particular attention 
is given to the data concerning dates which were thunder-
storm days but were not hail days. 
2. DATA 
The analysis utilized a large quantity of data pertaining 
to the incidence of hail and thunderstorms in Illinois 
during the 1951-60 period. The principal sources of 
data included the original records of approximately 110 
U.S. Weather Bureau cooperative substations, the records 
of 9 first-order stations in the Illinois area, and the hail 
insurance claim records of the Crop-Hail Insurance 
Actuarial Association. The Weather Bureau records 
served as the source of thunderstorm data. The Weather 
Bureau station data and the records of the insurance 
companies were the sources of the hail data. In central 
and northern Illinois the insured lands represented ap-
proximately 5 percent of the total area, but less than 1 
percent of the southern Illinois area. 
Before any date was defined as a hail day or a thunder-
storm day, its frequency of point reports had to exceed 
a given number of reports in order to eliminate potential 
observer errors in the recording of the dates of hail or 
thunder. In order for a date to be classified as a thunder-
storm day at least three stations had to report thunder. 
The occurrence of three or more station reports of thunder 
on a single day was selected to define thunderstorm days in 
order to minimize errors in the reporting of dates with 
thunder by the cooperative observers. Careful examina-
tion of the original records revealed many instances when 
a date had a large number of station reports of thunder 
and the ensuing date and/or preceding date had only one 
or two reports of thunder. Eighty-two percent of the 
total number of dates with one or two station reports of 
thunder in the 1951-60 period occurred on either the day 
preceding or the day following a date with three or more 
thunder reports. On many of these dates examination of 
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FIGURE 1.—Examples of major (left) and minor (right) hail days in 
Illinois during 1956. 
the hourly rainfall data for the State revealed that no rain 
had occurred within several hours of the preceding or 
following day, and therefore, it appeared quite likely that 
the dates of these thunder reports were erroneous and were 
a result of either observer error or observer confusion in 
reporting the actual date of thunder occurrence. For a 
date to be listed as a hail day there had to be at least 
three paid hail insurance claims or one or more Weather 
Bureau station reports of hail. Examples of thunderstorm 
days with large and small numbers of hail reports and 
paid crop losses are shown in figure 1. One Weather 
Bureau station report of hail was selected as an adequate 
number to define a hail day, as opposed to the require-
ment of three station reports for a thunderstorm day, 
because hail is a more infrequent event at a point and it 
normally receives greater observer attention than does 
thunder. It is believed that these circumstances elimi-
nate most observer errors in reporting dates of hail 
incidence. 
The adequacy of the thunderstorm day sampling is 
partially revealed by comparing the frequency of thunder-
storm days, as based on the three or more station reports, 
with the number of thunderstorm days defined using two 
or more station reports of thunder. The use of one or 
more station reports to define a thunderstorm day does 
not provide a satisfactory test of the frequency based on 
three or more reports because a large number of the single 
reports are errors by the cooperative observers. In the 
May 16-September 15 period there are normally 77 
thunderstorm days (table 2), as defined by the three or 
more station reports of thunder. If thunderstorm days 
are defined by two or more station reports of thunder, the 
seasonal total increases to 83, which is only an 8 percent 
increase. The definition based on one or more thunder 
reports for a thunderstorm day raises the average seasonal 
number to 94. The hail-thunderstorm ratio for Illinois 
changes from 68 percent, as based on three or more re-
ports, to 64 percent when based upon two or more station 
reports. This slight difference indicates adequacy in the 
thunderstorm day frequency as based upon the definition 
of the thunderstorm day as a day with three or more 
stations reporting thunder. 
Even with the large amount of hail data employed, it is 
possible that a few hail days occurred which were not 
detected. Therefore, the hail statistics presented herein 
must be considered as a conservative climatological esti-
mate of hail day frequencies. However, two investiga-
tions were performed which indicated a nearly complete 
sampling of hail days. 
A hail-reporting network consisting of approximately 
1,100 cooperative observers, who were mostly farmers, was 
operated in east-central Illinois during the thunderstorm 
seasons of 1959, 1960, and 1961 [16]. These 1,100 observ-
ers were quite evenly dispersed throughout a 22,250-
square-mile area, and each observer reported the incidence 
of hail of any size. The dates of hail days in 1959 and 
1960, as determined from this reporting network, were 
compared with the hail dates obtained from the Weather 
Bureau stations and insurance data in the same years to 
obtain an estimate of the adequacy of the hail days 
sampling based upon the Weather Bureau and insurance 
data. 
In the March-October period of 1959 and 1960, the 
hail network recorded 38 and 36 hail days, respectively, 
as compared with the Weather Bureau-insurance data 
listing of 63 and 71 hail days, respectively. Thus, in each 
of these two years the hail network identified less than 60 
percent of the hail days in the State identified by the 
Weather Bureau-insurance data. Furthermore, the net-
work data did not record any dates of hail which were not 
identified as hail days by the Weather Bureau and in-
surance data for the State. 
Sampling adequacy for hail days was evaluated also by 
a statistical investigation which compared the frequency 
of hail days for different numbers of Weather Bureau sta-
tions or data sources. The average number of hail days 
in the crop-growing season based upon data from the 119 
Weather Bureau stations used in this study was 31. Data 
TABLE 1.—Average number of hail days in the crop-growing season 
derived from data from various numbers of Weather Bureau stations 
in the 1951-60 period 
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from 10 percent of these stations were deleted using a 
random station selection procedure, and a new average 
number of hail days was computed based upon the data 
from the remaining number of stations. This procedure 
was repeated for 10 percent intervals until only 50 percent 
of the stations were used to compute an average. Sam-
pling adequacy in the data for hail day frequencies would 
be indicated by this method if only minor percentage reduc-
tions in the number of hail days occurred with the first 
one or two percentage reductions in the number of stations. 
The percentages obtained from this procedure are shown in 
table 1, and these results indicate near adequacy in the 
sampling based upon data from the 119 Weather Bureau 
stations. 
3. CLIMATOLOGICAL FINDINGS 
The climatological averages and extremes for hail days 
and thunderstorm days in the thunderstorm season 
(March-October) and in the crop-growing season (May 
16-September 15) are presented in table 2. Thunder-
storm days occur in Illinois on 50 percent of the days in 
the March-October period; this percentage increases in the 
crop season to 63 percent. 
In the March-October period hail occurs, on the average 
on 84 days, which represents 34 percent of the total pos-
sible days. Hail days occur more frequently in the crop-
growing period, when 43 percent of all days experience 
hail somewhere within the State. The average of 53 hail 
days in Illinois during the growing season represents a 
significant increase from previously recorded values for 
the State. Lemons [9] listed an average State value of 16 
days; Visher [15] indicated an average of 10 to 15 days; 
and Stout [13] listed 36 hail days as an average number in 
Illinois during the growing season. The frequency repre-
sented by Stout [13] was based upon insurance data and a 
hail day was defined as one with 20 or more insurance 
claims. 
Other table 2 values of particular interest are those which 
express the percentage of Illinois thunderstorm days which 
were not hail days. Nearly one-third of the thunderstorm 
days in the 245-day thunderstorm season did not have hail. 
The frequencies of hail days and thunderstorm days were 
greater in the crop-growing season, and the percentage of 
thunderstorm days without hail remained the same. 
Every hail day during this 10-year period was also a 
thunderstorm day, although on a few spring days some 
stations reported hail and no thunder. Changnon [2] has 
shown that on the long-term average from 5 to 20 percent 
of the hail days at various locations in Illinois are not 
thunderstorm days. Shands [11] reported similar findings 
for Iowa. 
4. POINT VS. AREAL HAIL-THUNDERSTORM RATIO 
A report on the hailstorm climatology of Illinois by 
Huff and Changnon [7] contains data that indicate the 
hail-thunderstorm ratios in Illinois vary from 3 to 7 
TABLE 2.—Average and extreme frequencies of thunderstorm days and 
hail days during two seasons 
percent. This finding is based on point averages for the 
thunderstorm season. Thus, the difference between 97 
to 93 percent and 32 percent of the thunderstorm days 
without hail (table 2), as derived from the State areal 
ratio, indicates the magnitude of difference between point 
and areal hail-thunderstorm ratios. Shands' [11] data 
for the growing season in Iowa, an area almost equal to 
Illinois, shows that on the average 85 thunderstorm days 
occur as compared with 33 hail days. Thus, the Iowa 
areal hail-thunderstorm ratio is 39 percent as compared 
with 69 percent in Illinois. This difference in ratios is 
largely the result of differences in the hail day frequencies 
which were 33 in Iowa and 53 in Illinois (table 2). The 
hail findings in Iowa were based upon data from all 
Weather Bureau stations in Iowa; thus, the difference in 
State frequencies is primarily due to the greater areal 
sampling of hail incidence in Illinois provided by the 
insurance data, since all Weather Bureau station data 
available in Illinois also were employed. 
For the entire State the average frequency of hail days 
in the crop season varies from 100 to 50 times as great as 
the average frequency at random points within Illinois. 
For the thunderstorm season the areal-point ratio in 
Illinois varies from 30:1 to 45:1 . Shands [11] using 
substation data in Iowa expressed a ratio between areal 
and point frequencies of hail days of 22:1. Harrison and 
Beckwith [5] indicated that for an area around Denver 
consisting of about 1,200 square miles the areal frequency 
of hailstorms was about 11 times as great as the point 
frequency. For the growing seasons of 1959-61, the 
central Illinois hail-reporting network [16] averaged 12 
hail days per season over 22,250 square miles, and this is 
an areal-point ratio of about 16 to 1. Therefore, the 
Colorado, Iowa, and Illinois findings indicate that the 
hail-thunderstorm ratio is strictly a function of the size 
of the area investigated and the density of observations 
within the area. 
5. HAIL PRODUCTION BY THUNDERSTORMS 
Although the hail-thunderstorm climatological data 
indicate that not all thunderstorms produce hail at the 
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FIGURE 2.—Regional percentages of total thunder reports on no-hail 
thunderstorm days and summer average hail distribution in 
Illinois based upon point data. 
ground, the findings cannot be construed as proving or 
disproving whether hail exists aloft in all thunderstorms. 
However, of the 10-year total of 242 thunderstorms days 
which were not hail days in the crop-growing season, 
more than 50 percent had 13 or more stations reporting 
thunder. By assuming that each of the 119 reporting 
stations represents about 450 square miles of Illinois, it 
appears that on 121 days in the 1951-60 period thunder-
storms were present over approximately 5,800 square 
miles, or 10 percent of Illinois, and yet no hail was re-
ported. On 21 days more than 25 percent of all the 
reporting stations in the State recorded thunder on days 
with no surface hail occurrences. Practical consideration 
of these facts makes it appear questionable that each of 
the many thunderstorms undoubtedly occurring on these 
days produced hail aloft when no hail appeared anywhere 
at the surface of such extensive areas. 
Recent research by Wilk [17] concerning the detecta-
bility of hailstorms in central Illinois using 3-cm. radar 
revealed that 39 percent of approximately 500 thunder-
storm echoes measured during a 3-year period did not 
contain hail aloft. This percentage of no-hail thunder-
storms is in close agreement with the climatological 
findings for hail at the surface which was 32 percent 
(table 2). 
6. CHARACTERISTICS OF NO-HAIL THUNDERSTORM 
DAYS 
The data associated with the no-hail thunderstorm 
days in the growing seasons of 1951-60 were analyzed in 
further detail. One phase of this analysis concerned the 
regional distribution of stations which reported thunder 
on the no-hail thunderstorm days, and another concerned 
the type of synoptic conditions associated with these 
thunderstorm days. 
To measure regional variations, the State was divided 
approximately along U.S. Weather Bureau [14] climato-
logical boundaries into eight regions (fig. 2), and each 
region contained about 15 stations reporting thunder and 
hail. In figure 2 the summer average hail distribution 
pattern, as described by Stout [12], also has been super- , 
imposed. In the 1951-60 period, a total of 3,083 stations 
reported thunder on the 242 days when no hail occurred. 
The number of these station reports in each of the eight 
regions was expressed as a percent of this total, and these 
percentages appear in their appropriate region in figure 2. 
Note that the region of greatest frequency of no-hail 
thunderstorms is the south which is also the area of lowest 
summer hail averages. However, the average summer 
distribution of thunderstorms in Illinois [2] indicates 
Statewide maximization in the southern region with a 
secondary maximum along the western State boundary 
where thunder-report percentages are much lower than 
in the south. Thus, regional differences in the average 
thunderstorm distribution cannot serve as an explanation 
for the regional report percentage differences found in 
figure 2. Therefore, it appears that the meteorological 
conditions in southern and possibly northeastern Illinois 
may differ to some extent from those elsewhere in the 
State, and that these conditions may limit the production 
of hail in these two regions. 
Synoptically, the thunderstorms on the 242 days with 
no hail were found to occur most frequently with cold 
front and air mass conditions. The total and average 
number of days by synoptic type are shown in table 3. 
An examination of the printed Daily Weather Maps of 
the U.S. Weather Bureau for all of the thunderstorm days 
was performed to determine the one or two basic condi-
tions which were responsible for the thunderstorms in 
Illinois. A total of 20 different combinations of conditions 
was found, but these combinations were grouped into six 
generalized types shown in table 3. For instance, the 
79 no-hail days with cold front conditions include 63 cases 
caused solely by the front, 1 case of cold front with an 
occlusion, 2 cases with post-frontal over-running, and 
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TABLE 3.—Synoptic types associated with thunderstorm days with and 
without hail during the crop-growing season 
13 cases of prc-frontal squall linos. Pro-frontal was 
defined as being more than 50 miles ahead of the front. 
Air mass conditions were limited to cases where no front 
existed within 250 miles of the thunderstorm area on the 
day of occurrence. The low center typing included 
transient Lows without fronts, Lows with fronts, waves, 
and troughs. The category of "other" synoptic types 
refers to upper troughs and occlusions. 
In table 3 the frequencies of no-hail days by synoptic 
types are also expressed as percentages of the 242 days. 
Similar percentages for the hail-thunderstorm days in 
Illinois during the 1951-60 period arc shown for compari-
son. On a percentage basis, a greater frequency of 
no-hail thunderstorm days occurred with air mass, low 
center, and warm front conditions than did hail-thunder-
storm days which were more completely associated with 
cold front and stationary front conditions. Huff [6] 
derived similar synoptic frequency percentages for 113 
thunderstorm days between 1910 and 1960 with wide-
spread hailstorms. 
About 50 percent of the thunderstorm days caused by 
warm fronts, air mass conditions, and low centers did not 
have hail. However, 25 percent of the thunderstorm 
days associated with stationary fronts had no hail. Of 
the 35 thunderstorm days per season caused by cold 
fronts, on the average only 8, or 23 percent, were not hail 
days. In a climatological study of synoptic weather, 
Chiang [4] obtained data on the number of days with 
fronts occurring in Illinois during the 1945-59 period. 
Averages compiled for the growing season are presented 
in table 3 for comparison with the frontal frequencies for 
hail and no-hail thunderstorm days. Note that 75 
percent of all days with cold fronts in Illinois had hail, 
whereas less than 50 percent of the days with stationary 
fronts had hail. 
Another interesting observation pertaining to the 147 
frontal cases associated with no-hail thunderstorm days 
was the lack of excessive temperature difference across 
the fronts, which in general indicated that most of these 
were relatively weak fronts at the surface. For instance, 
the average temperature difference across the 79 cold 
fronts was 4.4° F. as compared with 6.8° F. for the 270 
cold fronts associated with the hail-thunderstorm days. 
Huff [6] reported that 50 percent of the cold front cases 
associated with widespread hailstorm days were pre-frontal 
in nature, whereas only 17 percent of the 79 cold front 
cases causing no-hail thunderstorms were prc-frontal. 
In general, the no-hail thunderstorms appeared to be 
associated with weaker synoptic systems. 
A comparison of the synoptic types with the areas where 
associated thunderstorm reports were most prevalent 
revealed that on days witli warm fronts the thunderstorms 
without hail occurred most frequently in central and north-
ern Illinois. Chiang [4] has shown that warm fronts are 
most frequently located in central Illinois. Days of low 
center passages and air mass conditions had the greatest 
number of thunderstorm reports in the southern and central 
portions of Illinois. Chiang [4] also revealed that warm-
air mass conditions prevail in southern Illinois from 50 to 
00 percent of the time in summer as compared with 30 
percent of the time in northern Illinois, and that in summer 
low centers move most frequently across the southeastern 
and north-central portions of the State. Reports of 
thunderstorm days caused by either cold fronts or sta-
tionary fronts revealed no regional concentration within 
the State. 
7. CONCLUSIONS 
During the March-October thunderstorm season in 
Illinois on the average one-half of the days have thunder-
storms and one-third of the days have hailstorms. During 
the crop-growing season, mid-May to mid-September, 63 
percent of all days have thunderstorms and on 70 percent 
of these days, or 53 days on the average, hailstorms occur 
somewhere in Illinois. This areal frequency in growing-
season hail days in Illinois is more than 50 times greater 
than the average point frequency of hail, and also is 2 to 5 
times greater than any previously recorded areal frequen-
cies for Illinois. The frequently used hail-thunderstorm 
ratio based on data recorded at a point cannot be con-
sidered as an adequate description of the occurrence 
relationships between hailstorms and thunderstorms. 
Nearly one-third of all thunderstorm days in Illinois 
do not have hail observed at the ground, and during the 
growing season these no-hail thunderstorms are most 
frequent in southern Illinois. This ratio plus the fact 
that these no-hail thunderstorms frequently cover more 
than 15,000 square miles of Illinois on one day are findings 
which could be construed as being evidence that many 
thunderstorms do not produce hail aloft. This receives 
further support from Wilk's [17] findings and from the 
fact that the no-hail thunderstorms are associated more 
frequently with synoptic systems weaker than those as-
sociated with hail-thunderstorms. 
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